Introduction and objective. Polychlorinated biphenyls (PCBs) have been used commercially since 1929 as dielectric and insulating non-flammable substances, additives for paints, etc. In Slovakia, 60 chemical production workers highly exposed to PCBs (mainly to Delor 103) were studied with duration of exposure ranging from 3 months to 19 years. Materials and method. Clinical examinations of skin, skin histology and laboratory tests concerning lipid metabolism, iron metabolism and levels of copper provided comparisons with a control group of healthy individuals and/or the upper limits of normal values. Results. Skin changes were found in 47 % of individuals. In most cases, milia-like efflorescences (57.14 %) occurred, as well as comedones (55.35 %); other symptoms occurred in a smaller number of workers. Hyperkeratosis, acanthosis of the epidermis (particularly in hair follicles), and a cellular infiltration of the corium were all found through histology. The intensity of cutaneous affections was associated with the changes in laboratory tests. Elevated triglycerides, cholesterol, and phospholipids were found in exposed workers. After a further two years, a significant increase in triglycerides was found in exposed individuals when compared with the control group. In addition, a significant increase in serum levels of copper, and total and unsaturated iron-binding capacity was detected. Conclusions. Anamnesis showed that some people directly exposed to PCBs may develop skin changes after three months of occupational exposure. The results represent a unique snapshot of worker exposure at a given location, representing the basis for comparison with the population who grew up in the area and still live there today.
INTRODUCTION
Polychlorinated biphenyls (PCBs) have been used commercially since 1929 as dielectric and insulating nonflammable substances (mixtures in capacitors, transformers, hydraulic fluids), additives for paints, plastics, etc. The most common brand names of commercial products are Aroclor, Clophen, Phenoclor, Kanechlor, Pyralene, Fenclor and Delor [1] , the production of which is currently prohibited in many countries. In order to meet technical requirements, the commercial product must reach a certain degree of chlorination, usually in the range of 21-68 %. Based on the structural characteristics, the number of chlorine atoms can distinguish between 209 congeners. Based on structural and toxicological similarity with dioxin, PCB compounds can be divided into dioxin-like and non dioxin-like compounds. The first type are agonists of the arylhydrocarbon hydroxylase receptor (AhR), and the others effects are mediated through enhancing the ryanodine receptors activity (RyR) [2] [3] [4] [5] .
While PCBs can enter the body through the skin and respiratory system, most current exposure is through the food chain. As fat-soluble compounds, they bioaccumulate in the adipose tissues of animals and humans. PCB exposure rate is then reflected in their concentration in the blood, breast milk, adipose tissue, and umbilical cord blood, placenta, or hair. The negative effects on the body include enzymatic disorders, and biochemical changes with subsequent morphological effects. High exposure and long term intoxication can cause death. High concentrations are associated with serious skin disease (e.g. acne chlorina), changes in skin and nail pigmentation, eye irritation, and hepatic impairment (fatty liver). PCBs cause respiratory irritation, immune system disorders, headaches, dizziness, reduction in the concentration of dopamine in the midbrain, depression, memory loss, anxiety, fatigue, impotence, and other additional difficulties. The presence of PCBs in the body decreases concentrations of T3 and T4 and, during in utero development, lowers birth weight and causes changes in postnatal development. In humans, it is believed to increase the risk of breast cancer, endocrine and reproductive disorders [6, 7] .
In the Michalovce district of eastern Slovakia, Chemko was produced for 25 years (1959-1984) with an annual production of about 21,500 tons of a commercial mixtures of PCB (Delor 103, 104, 105, 106, Delotherm DK and DH, Hydelor 137). The congener patterns of Delors 103, 104, 105, and 106 resembled Aroclors 1242, 1248, 1254, and 1260 [8] . Approximately 11,613 tons of the total production was utilized within former Czechoslovakia and the remainder were exports. Simultaneously, an estimated 1,600 tons of waste PCB was produced (especially residues of which contain highly chlorinated biphenyls, terphenyls and polychlorinated dibenzofurans). Most of the waste was stored, if not completely destroyed. However, due to its improper disposal during early production, the Laborec river and dam at Zemplínska Šírava suffer long-term contamination of the environment [9] .
A relationship exists between age and the accumulation of PCBs in the blood lipids which may be partly due to higher PCB exposure of the former population in the 1970s. Consistent with this, particularly high levels of dioxin-like compounds were found in residents from the Michalovce district, and in children [10] , with the highest concentrations around the age of 60 [9] . Over the last 20 years, however, a decrease in PCB blood concentrations was measured within the other European Union countries. In areas with severe contamination, concentrations have not decreased, even in the last 10 years [11] .
Human milk monitoring programmes have also been implemented in many countries, including the Czech Republic, to assess the current exposure levels. The first data on sum PCBs in Czech human milk samples have been published in local journals since 1985 and reviewed in [12] . Some other studies concerning PCBs were performed in the last decade to know more about the local differences in the exposure and body burden [2, 13] . In [14] , the authors found exposure of breast-fed infants to PCBs in the Czech Republic to be close to the upper limit of the European range. To test that exposure to PCBs causes deterioration of the outer hair cells of the cochlea, the researchers in [15] measured serum PCB concentrations in 12-year-old children residing in three districts in the Slovak Republic by using high-resolution gas chromatography with microelectron capture detection. In other studies, an association between PCB exposure and deficits in cochlear function in young children exposed to environmental PCBs has been also confirmed [5, 15, 16] .
OBJECTIVE
Given the consistent interest in the presence of higher concentrations of PCBs in contaminated areas, the aim of this study was to describe specific findings on the skin, and parameters reflecting liver impairment (e.g. parameters reflecting metabolism of copper and iron) in workers exposed to PCB for up to 19 years during production, which are significant for identifying possible effects of exposure and clarifying a possible health consequences as a result of exposure to a persistent environmental burden.
MATERIALS AND METHOD
A total of 60 chemical production workers, of whom 50 were men and 10 women and aged 19-60 years, underwent histological and biochemical analysis to assess the effects of PCB exposure within the mandatory health checks. This was the total number of employees directly involved in PCB production (using instrumentation equipment, and women as cleaners and technicians), therefore directly exposed to PCBs (as well as benzenes, biphenyls, polyphenyls, carbon disulphide, and other additives) through the skin, in particular uncovered parts of the body, by inhalation and ingestion. The shortest duration of exposure was three months with the longest being 19 years.
At the time of testing and sampling, low-chlorinated biphenyl, Delor 103 was the most highly produced. From the beginning of industrial production in 1959 -1966 [9] . Values of PCBs concentration in the air were not determined.
The handling and storage of data took place only from samples for which consent was obtained between 1975 -1977, which is also the reason for reporting a lower number of workers within biochemical analyzes (34 exposed men; average age 39 years). Study enrollment included 22 individuals who were not Chemko employees (reported as an unexposed or control group) of average age 35.6 years. The clinical examinations were repeated two years later on the same individuals from the said groups of workers and the control.
Routine biochemical tests were conducted within the medical examination concerning lipid parameters, iron metabolism and assessment of copper levels. The fasting levels of triglycerides (TAG) by the enzymatic method according to [17] , total cholesterol according to [18] , phospholipids by the method described by [19] , and unsaturated ironbinding capacity, copper, and iron content by means of BioLa-Tests (Lachema Brno, Czech Republic) were determined in serum. In individuals with visible skin pathologies, skin prick biopsies from the cheek and retroauricular areas were provided. The biopsy samples were fixed in 10 % formalin buffered to neutral pH, subjected to routine histological processing and stained with hematoxylin-eosin [20] .
The results were compared with physiological reference range values validated for the population when routinely introduced methodologies in a hospital biochemical laboratory. The obtained values were analysed using an unpaired t-test.
RESULTS
56 workers were dermatologically examined for skin lesions. The average age of those affected was 35 years and the average duration of exposure was 24 month (Tab. 1). Pathological findings in the skin consisted of visible, raised, densely spread comedones, papular milia-like efflorescences and sporadically occurring cysts (Fig. 1) . The extent and localisation of pathological findings on the skin is shown in Table 1 . The most difficult cases involved cysts, especially around the ears, sometimes on the chest. The disease began with comedones, later milia-like efflorescences emerged, followed by papular efflorescences, and the eventual formation of cysts. In a few cases, temporary manifestations of dermatitis and eczematous occurred. The focal area of pathological changes was the face, particularly around the cheekbones, ears, arms, chest and back. The nose, lips and chin remained mostly unaffected. Chronic conjunctivitis and watery eyes were common (45.88 % and 31.17 %). In most cases, milia-like efflorescences occurred (57.14 %) and comedones (55.35 %), other symptoms occurred in smaller numbers. When exposed to PCBs, milia-like efflorescences and comedones appeared first, after as little as three months exposure.
The predominant finding of histological preparations was the presence of enlarged follicles and pathologically reduced sebaceous glands (Fig. 2-4) . The histological changes of skin showed hyperkeratosis, keratotic plugs in the follicles, acanthosis of the epidermis and the hair follicle, and cellular infiltration of the corium.
Biochemical analyses of TAG, total cholesterol, and phospholipids were carried out on 34 occupationally exposed workers, the results of which are summarized in Table 2 . There is no dependency between the changes in serum TAG, cholesterol, phospholipids, and skin. Skin changes were found in 47 % of workers, elevated triglyceride levels in 53 %, increased cholesterol content in 21 % and increased levels of phospholipids in 35 % of workers exposed to PCBs (Tab. 2). (Values of unexposed individuals were within the reference range for the given parameters.) After two years, TAG concentrations were shown to have significantly increased in the group of workers (2.17 ± 0.20 and two years later 2.57 ± 0.33). In the first sampling, and two years later, significant differences were observed between workers and unexposed individuals in TAG, total cholesterol and phospholipid levels (Tab. 3). The parameters of lipid metabolism were increased in workers exposed to PCBs.
Other biochemical parameters were measured in the second screening to take into account metabolism of iron and copper levels, as this is required in the regulation of iron metabolism. A significant (p<0.01) increase was found in copper levels, and in both the total iron binding capacity and free (unsaturated) iron binding capacity. Iron levels, however, remained without significant changes (Tab. 4). 
DISCUSSION
Recognising the symptoms of PCB exposure for workers exposed during the manufacturing process often identified signs of skin damage. Skin mostly responds uniformly to various chlorinated hydrocarbons; the changes only differ in intensity for a given individual. The extensive damage to skin in selected workers, such as numerous cysts and boils, was not found as they underwent preventive medical checks at the initial stage of skin disease. In selected workers, evidence was found of comedones, milia-like lesions and small cystic lesions on the face and in the cheekbone (Fig. 1) . In one case, cystic lesions appeared in the retroauricular area after 14 years of PCB exposure in a 42-year-old man. These did not disappear even after a three-year break without PCB contact. Surgical intervention was therefore required for their removal by total extirpation. Similarly, cases of chlornacne, folliculitis, or dermatitis were observed by Maroni et al. due to primary irritative allergic sensitising agents in the examination of electric capacitor manufacture by workers for many years [21] . Other observed changes in the skin also included erythema, dryness, and hyperpigmentation. Redness of the conjunctiva, palpebral hyperpigmentation, oedema, abnormal secretions from the eyes, and enlargement of the Meibomian glands were also observed [22] . However, in the study of [23] no definite case of chloracne was identified, while a number of mild and/or transient irritant symptoms (e.g. eye irritation, chest pain on walking, wheezing) were clearly confirmed in exposed workers. It seems that other dermal effects, such as temporary inflammation or oedema of the skin and chloracne, appear to be related to the incidence and magnitude of the individual's dermal contact with PCB fluids or from high exposure to heated PCB vapours, suggesting PCBs and/or PCDFs (polychlorinated dibenzofurans) as the causative agents [24] .
Usually, chloracne appears in individuals with serum PCB levels 10-20 times higher than those of the general population. However, there is great variability among individuals and there may also have been exposure to relatively high levels of PCDFs [24, 25] . Found dioxin-like substances and PCDFs as relatively potent chloracnegens. In doing so, the action of the PCBs on the skin, as well as their other toxic effects depends on the structure and number of chlorine atoms in the compounds. An obvious prevalence of abnormal dermatological symptoms during or after exposure to PCBs is summarized by Lindell [11] . Histological changes in the skin showed hyperkeratosis, keratotic plugs in the follicles, acanthosis of the epidermis and hair follicle, and [27] . Taken together, the TCCD/AhR/ARNT/Blimp1 and CYP1A1/ c-Myc pathways may very likely be the proposed signalling pathways of TCDD on skin stem-cell progenitors, leading to TCDD-induced abnormal differentiation of sebaceous glands. Some PCBs (i.e. PCB 77, PCB 126 and other dioxinlike congeners) are referred to as agonists of AhR, mediating the expression and epigenetic regulation of enzymes involved in xenobiotic metabolism [28, 29] .
The histological findings in the presented study are similar to those previously mentioned, it may therefore be supposed that the changes in skin exposed PCB are of the same character. As it is visible and more easily traceable, it is clear that the clinical picture of skin lesions, the intensity and dynamics of their development, depends on the concentration of PCBs in the air, the structure and number of chlorine atoms in PCB congeners, moisture, temperature, individual sensitivity and metabolism of PCBs. Tsai et al. [30] discovered that genetic polymorphisms in CYP1A1 (cytochrome P450 1A1 gene) and glutathione-S-transferase (GST) are related to PCB-induced skin manifestation susceptibility.
Changes to the enzymes involved in phase I and II detoxification of xenobiotics cause substantial interference with the metabolism of other tissues noting metabolic sideeffects of PCBs. This also provides a further explanation of the results of biochemical blood tests.
The study by Rocha de Oliveira et al. demonstrated liver injury following PCB administration to rats [31] . Biochemical parameters reflecting these adverse effects in serum of workers were also measured. The current results showed that, in a randomly-selected group of workers exposed to the PCBs over a year, increased serum lipids, particularly triglycerides, and partly total cholesterol were increased (Tab. 3,4). After prolonged exposure, more workers showed increased triglyceride levels by an average of up to 200 mg/100 ml, with elevations occurring in 72 % of exposed persons. Elevated triglycerides have not always been accompanied by the presence of significant skin changes. The presented results of high levels of TAG and other lipid parameters reported here are consistent with conclusions made in the study by [32] , where elevated serum concentrations of lipids were significantly associated with serum concentrations of PCBs. The strongest associations were seen for PCB congeners with three or four ortho and/or at least eight substituted chlorines. Furthermore, [33] found that PCB and pesticide levels are positively correlated with serum total cholesterol and triglyceride concentrations. A possible explanation may be in the induction of Cyp1 and 2 families by PCBs [34] . This gene encodes aryl hydrocarbon hydrolase, responsible for the generation of reactive epoxide intermediates during metabolisation of aromatic compounds. These metabolites are continuously produced in substantial quantities following tissue attack by reactive oxygen species, which are accumulated by the presence of PCBs. The primary effect of oxidative damage is to damage or break some of the processes in the mitochondria, as demonstrated by the action of Aroclor 1254 on mouse hepatocytes. Among others, a very important finding in the current study was the significant decline in the mitochondrial aconitase activity, and β-oxidation of fatty acids [35] .
Therefore, from a summary of current knowledge, it is suggested as a possible explanation for the TAG increase that the inhibition of mitochondrial aconitase by reactive oxygen species from the metabolism of PCBs, releases iron from aconitase Fe-S clusters. Free iron itself can then increase the conditions of oxidative stress. A reduction in the activity of aconitase in the citric acid cycle results in the accumulation of citrate, which is transmitted to the cytoplasm, where it activates ATP citrate lyase, acetyl-CoA carboxylase, fatty acid synthase, and substantially increases the synthesis of fatty acids.
There is, however, another serious fact related to PCB toxicity facilitated through interaction with AhR, which is impaired gluconeogenesis. This is caused by a reduction in glucose-6-phosphatase activity and gene expression of phosphoenolpyruvate carboxykinase, including a decrease in body weight [36, 37] . Glycerol is synthesised through triglyceride-fatty acid cycling in white adipose tissue, skeletal muscle and liver, predominantly through glyceroneogenesis. Surprisingly, the highest rate of glyceroneogenesis in adipose tissue is observed when fatty acid synthesis and triglyceride deposition is high [38] . Unless the actions of PCBs inhibit the release of glucose from the liver (inhibition of glucose-6-phosphatase) for glycolysis, glucose-6-phosphate can be utilized in the pentose phosphate pathway, thus contributing to the formation of NADPH. Due to the increase in acetylCoA in the cytosol (a requirement of synthesis), along with the abundance of NADPH, the liver creates ideal conditions for the synthesis of cholesterol. The overall expected effects on the liver could be increase synthesis of cholesterol, lipid particles, as also demonstrated in the presented study, and tissue injury. The presented results of high levels of TAG and other lipid parameters are consistent with conclusions made in the study by [32] , where elevated serum concentrations of lipids were significantly associated with serum concentrations of PCBs.
However, liver is the centre of iron metabolism control, and site of hormone regulating iron uptake, distribution and storage [39] . Determination of iron metabolism parameters is therefore of undeniable importance in monitoring the toxic effects of PCBs, particularly with a view to the prevention of oxidative damage to tissues. In evaluating total iron-binding (transferrin) capacity (TIBC) and unsaturated iron-binding capacity (unsaturated transferin, UIBC), values were found to have more than doubled in all workers when compared to the reference range (Tab. 4). In [40] , the authors also found significantly increased serum levels of TIBC and UIBC in rats treated with Aroclor 1254. This phenomenon can be explained by transferrin overproduction. However, transferrin expression is enhanced by hypoxia-inducible factor-1, whose β subunit is identical to the aryl hydrocarbon receptor nuclear translocator (ARNT). This is known to heterodimerise with the AhR/dioxin receptor following ligand binding [41, 42] . The calculation of transferrin saturation tends to be lower although it is around the lower limit of the reference range. This may indicate physical strain of chronic illness. However, serum iron levels tended to be elevated (Tab. 4). [43] found that PCB-77 causes its accumulation in the liver, inhibition of hepcidin, and suppression of hepcidin expression. A study by [44] revealed that PCB153 and PCB 126 suppress hepcidin transcription through a functional oestrogen response element within the hepcidin promoter, coupled with elevated serum iron content as well as reduced hepatic and splenic iron mass. However, lowered hepcidin production in liver, macrophages and adipose tissue can cause increased intestinal absorption of iron and its release by macrophages. The reduction in hepcidin activity is therefore associated with an increased activity of the divalent metal transporter 1, which is responsible for the absorption of iron as well as copper (as evidenced by the higher concentrations of copper in Table 4 ).
In a few animal studies, changes in hepatic copper and iron were found after exposure of rats to PCB 126, and copper levels were significantly increased in a dose-dependent manner [45] . Higher serum iron may also be due to the release of iron from the iron-sulphur clusters of molecules in the tissue in response to the damaging effects of oxidative metabolism of the PCBs, and actual damage to the liver tissue. In this manner, it may impair the synthesis and breakdown of haemoproteins.
In June 2005, a meeting of WHO-IPCS experts was held in Geneva during which the toxic equivalency factors (TEFs) for dioxin like compounds, including some polychlorinated biphenyls (PCBs), were re-evaluated. The concept of toxic equivalency factor was developed to facilitate risk assessment and regulatory control. Toxic equivalence factors exist for seven congeners of dioxins, 10 furans and 12 PCBs. The reference congener is the most toxic dioxin 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) which per definition has a toxic equivalence factor of one [46] . The environmental contaminant 2,3,7,8-tetrachlordibenzop-dioxin (TCDD) belongs to the cathegory of highly toxic, persistent organic pollutants that accumulate in animal fat and plant tissues. The main source of exposure in humans is the food chain. The half-life of TCDD in humans was estimated to be in the range of 7 -10 years (Tab. 5) [47, 48] .
CONCLUSIONS
Anamnesis showed that some people directly exposed to PCBs may develop skin changes after three months of occupational exposure. The range of pathological changes to the skin is wide but also varies individually. Clinical investigation of possible disease manifestations in the skin can be categorized mainly to milia-like lesions, comedones, papular efflorescences, and skin hyperpigmentation. The histology of skin samples revealed hyperkeratosis and acanthosis of the epidermis, in particular in hair follicle and corium cell infiltration. In the blood serum of exposed individuals, elevated levels of total and unsaturated iron-binding capacity were observed, together with increased total copper and iron levels, and a significant increase in triglycerides.
Skin changes are visible and therefore easily identified and treated, but the impact of biochemical changes in the tissue by affecting lipid and iron metabolism are complex, long-lasting and affect the general health. The presented results are not the most recent, but are unique due to the location following PCB exposure. They are an introduction to the study of the current state of the generations in their forties who grew up and still today live near Chemko, i.e. the generation born during the period of extensive production. 
